Radiometric, colorimetric, and two immunochemical methods for measuring total iron-binding capacity are compared. We evaluated the procedures on the basis of precision, applicability to a pediatric population, and accuracy as assessed by analytical recovery of purified transferrin. The immunonephelometric assay fortransferrin provides significant advantages over the other methods examined. 1, 2) . In a comparison of the radioisotopic and colorimetric methods, no difference was noted if the same adsorbent was used (1,2). Burrows (3) reported that the radial immunodiffusion measurement of transferrin, the iron-transport protein in serum, yields significantly lower results than do the radioisotopic or colonmetric methods for measurement of transferrin. In contrast, a recent report by Tsung et al. (4) showed that radial immunodiffusion measurement of transferrin gives equivalent results when compared with the colorimetric methods of Ramsey (5). Results obtained with the radioisotopic procedure with use of a resin adsorbent were found to be higher than those by colorimetnic and immunochemical methods (4).
compared. We evaluated the procedures on the basis of precision, applicability to a pediatric population, and accuracy as assessed by analytical recovery of purified transferrin. The immunonephelometric assay fortransferrin provides significant advantages over the other methods examined.
AdditIonal Keyphrases: literature (1) (2) (3) (4) . Resin adsorbents give higher results for TIBC than other adsorbents such as hemoglobin-coated charcoal or light magnesium carbonate powder (1, 2) . In a comparison of the radioisotopic and colorimetric methods, no difference was noted if the same adsorbent was used (1, 2) . Burrows (3) reported that the radial immunodiffusion measurement of transferrin, the iron-transport protein in serum, yields significantly lower results than do the radioisotopic or colonmetric methods for measurement of transferrin. In contrast, a recent report by Tsung et al. (4) showed that radial immunodiffusion measurement of transferrin gives equivalent results when compared with the colorimetric methods of Ramsey (5) . Results obtained with the radioisotopic procedure with use of a resin adsorbent were found to be higher than those by colorimetnic and immunochemical methods (4) .
We report here a comparison of results by a colorimetric, a radioisotopic, and two distinctly different immunochemical procedures, radial immunodiffusion and immunonephelo- 
Materials and Methods

Reagents
Polyethylene glycol (Mr 6900 to 7500). Forty grams of polyethylene glycol (PEG) (Fisher Scientific) and 9 g of NaC1 were diluted to 1 liter with de-ionized water. Patients' sera, controls, and standards were diluted 100-fold in physiological saline. The assays were done in cylindrical tubes (10 X 75mm Kimble testtubes). An antibody blank consisting of 1 ml of diluted antibody and 20 il of isotonic saline and a diluent blank consisting of 1 ml of the PEG/saline and 20 il of saline were set up for each assay. For each sample, control, and standard, the following tubes were used: a test cuvette containing 20 il of diluted sample and 1 ml of diluted antibody, and a sample blank containing 1 ml of PEG/saline and 20 of diluted sample. The cuvettes were allowed to stand at ambient temperature for 30 mm before the light-scattering reading was made. All scattering measurements were automatically corrected for diluent, antibody, and unknown blank scattering. Unknown sera concentrations were read directly from a multipoint standard curve ( Figure 1 ).
Radial immunodiffusion
(RID) for transferrin measurement. All measurements were made according to instructions enclosed for each test kit. RID kits for the measurement of human transferin were obtained from Behring Diagnostics and Meloy Laboratories.
59Fe method for TIBC measurement.
Kits were purchased from Mallinckrodt Nuclear Radio Pharmaceuticals, Hazelwood, Mo. 63420. All measurements were made according to instructions enclosed in the kits. Free iron was removed by a solid-phase resin adsorbent in this procedure.
Colorimetric
TIBC measurement. 
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80. (Figure 2 ). At all concentrations examined, we observed little or no change in scatter after 25 mm. Within-run precision for assay of TIBC or transferrin was compared for four different procedures (Table 1 ). All results for transferrin are expressed as TIBC, with 1.24 as the conversion factor. This derived factor4 agrees well with an experimentally measured factor reported recently (4). A single serum pool was used for each procedure, except for the immunonephelometric method. The purified human transferrin was used to evaluate analytical recovery of transferrin by the four procedures. For both of the immunological procedures, sera from five casually selected individuals were used. The transfernin concentration in the purified aqueous pool was determined spectrophotometrically at 280 nm (a = 11.2) (7). Conditions such as pH and buffer were as described by Aisen et al. (7) . Aliquots of the purified material were added to each patient's serum to give a range of five concentrations for each serum sample. The transferrin concentrations measured in patients' sera ranged from 1930 to 3870 mg/liter ( (Table 2) . Results were expressed as range of concentration for each procedure, range of recoveries calculated as percentages of the theoretical, and the average recovery obtained on all samples for each procedure. We directly correlated data for transfernin concentrations between 500 and 4000 mg/liter for both RID and immunonephelometry (Figure 3) . Linear regression data are given for 24 data pairs.
To investigate the effect of antiserum source, we assayed a group of 18 samples by the nephelometric method, using antisera from three suppliers, Technicon, Meloy, and Behring. The mean transferrin value measured was 3310, 3290, and 3260 mg/liter.
Sera from 80 apparently healthy pediatric patients, mixed with regard to sex and race, were assayedby the nephelometnic procedure. Ages ranged from one to 16 years. 
Discussion
Previous investigations have shown the main cause of variation in the TIBC as measured by various methods is the choice of adsorbents used to remove free iron (1, 2) . Comparisons of resin and other adsorbents have evoked speculation that the resin is too strong an adsorbent, removing iron bound to transferrin.
A comparison of mean recovery data (Table 2) indicates that, for measurement of TIBC, both light magnesium carbonate and the resin adsorbent gave analytical recoveries very close to 100%; thus we saw little if any difference in the results given by these methods. Adsorbents are directly compared here, because it has been shown that the colorimetric and the 59Feradiometric procedure give identical data if the same adsorbents are used (1, 2) .
Average analytical recoveries for both immunochemical methods exceeded 100%. Although the immunonephelometnic method was about 5% higher than the 59Fe procedure, the immunodiffusion procedure averaged 17% higher. Differences from the theoretical recovery were greater at higher concentrations of added transferrin. This observation may explain two findings, the first being that both immunochemical methods had higher mean recoveries than the other procedures investigated, because the immunochemical methods are tested at much higher concentrations of added transferrin (Table 2) . Secondly, there was a difference in mean recoveries between the immunological procedures (Table 2) , although the linear regression comparison (Figure 3) showed results by the two immunological procedures to correlate well between 500 and 4000 mg/liter. This could be because no points were included above 4()00 mg/liter, where the greatest discrepancies in recoveries were noted. Our data indicate that immunochemical and chemical methods give similar results.
We saw no significant difference in results, as evaluated by the t -test, in the means of the data sets (P = 0.05) when antisera from different sources were used. The similarity of the data generated with use of these three antisera tends to rule out the source of antiserum as a possible cause of the differences in recoveries between the nephelometnic and the radial immunodiffusion procedures (Table 3) .
The choice of a procedure for measuring TIBC or transferrin in the routine laboratory depends on several factors. The relative advantages of each method tested are outlined in Table 4 . Three persons performing the assays judged the two immunochemical procedures to be easier to do than the other methods examined. From the analytical and practical considerations presented, we think that the immunonephe- 
